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Evaluation of Iconic vs. F-map 
Microburst Displays 

Mark Salzberger 

Dr. R. John Hansman and Craig Wanke 
Aeronautical Systems Laboratory 

Department of Aeronautics and Astronautics 
Massachusetts Institute of Technology 


Presentation to Attendees of the 
5th (and Final) Combined Manufacturers’ 
and Technologists’ 

Airborne Wind Shear 
Review Meeting 

28 September 1993 
Radisson Hotel, Hampton, VA 


Abstract: 

Previous studies have shown graphical presentation methods of hazardous wind 
shear to be superior to textual or audible warnings alone. Positional information and the 
strength of the hazard were observed to be and were cited by pilots as the most important 
factors in a display. 

In this experiment the use of three different graphical presentations of hazardous 
wind shear are examined. Airborne predictive detectors of wind shear enable the 
dissemination of varying levels of information. The effectiveness of iconic and mapping 
display modes of different complexities are addressed through simulation and analysis. 
Different positional and time-varying situations are presented in a “part-task” Boeing 767 
simulator using data from actual microburst events. Experienced airline pilots fly 
approach profiles using both iconic and F-map wind shear alerting displays. Microburst 
events employed are based on recorded data from Orlando and Denver. Theweather that 
accompanied each event is also shown to the pilot. 

Mapping display types are expected to be found exceptionally efficient at 
conveying location comparison information while iconic displays simplify the threat 
recognition process. Preliminary results from the simulator study will be presented. 
Recommendations concerning the suitability of multilevel iconic and mapping displays 
will be made. Situational problems with current display prototypes will also be 
addressed. 
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September 28-30, 1993 
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examine the ditterences between Iconic an 
FBAR mapping displays 
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GRAPHICAL FORMAT SUPERIOR 
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MICROBURST 
LOCATION AND INTENSITY 
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MICROBURST DETECTION 

Experiment Modeling 
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MIT ADVANCED COCKPIT SIMULATOR 

ELAN 4000 
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Utilize: Microburst winds and reflectivity 

data from actual events 



296 



SCENARIOS 
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SCENARIO VARIABLES 
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EXPERIMENTAL ISSUES 
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Aspect Angles -- Same Micoburst, Different Picture 
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Observability 



Same Microburst Chanaes with Reduction in Speed 
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FBAR MAPPING POTENTIAL: 
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Session 3: 


AIRBORNE WINDSHEAR 
DETECTION SYSTEMS. 


Chair: S. Harrah , 


NASA Langley Research Center. 




Session 3: 


AIRBORNE WINDSHEAR DETECTION SYSTEMS. 
Chair: S. Harrah, NASA Langley Research Center. 


Succesful Infrared Prediction of Low Level Windshear. P. Adamson, Turbulence Prediction Systems 

Overview and Highlights from Super-position Testing of the MODAR 3000. B. Mathews, F. Miller, K. Rit- 
tenhouse, L. Barnett, and W. Rowe, Westinghouse Electric Corp. [Because it deals primarilly with certifica- 
tion issues, the text portion of the material furnished for this presentation has been moved to Session 4, tinder 
the title “Certification of Windshear Performance with RTCA Class D Radomes.”] 

Wind Hazard Detection with a CO^ A irborne leaser Radar R. Targ, Lockheed Research and Development Co., 
P. Robinson, Lockheed Engineering and Sciences Co., and R. Bowles and P. Brockman, NASA Langley 
Research Center 

CLASS (Coherent Lidar Airborne Shear Sens or) Windshear Detection System. P. Forney and L. Celmer, 
Lockheed Missiles and Space Co., R. Calloway and P. Brockman, NASA Langley Research Center, and F. 
Austin, Lockheed Engineering and Sciences Co. 

RDR-4B Doppler Weather Radar with Windshear Detection Capability. D. Kuntman, Bendix-Allied Signal 
Co. 

The Collins Windshear Program. R. Robertson, Rockwell-Collins Co. 
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Successful Infrared Prediction 
of Low Level Windshear. 

P. Adamson, 

Turbulence Prediction Systems 
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Successful Infrared 
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Pat Adamson 

Turbulence Prediction Systems 
Boulder, Colorado 


Analysis to be Presented 
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Specific algorithm for OAT index (FT) 



WOMBATS Transfer Function 
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Wombat5 F Index 








Analysis (continued) 
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Definition of Advance Detection Ti 
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Event Outflow Signature 



Cross Correlation 
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FE3 and Remote Sensor Differences 
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b) OAT 



SHEAR IN "A" IS 2.5 m/s/km 
SHEAR IN "B" IS 6.7 m/s/km 
SHEAR IN "C” IS MORE THAN 10 m/s/km 


W0MBAT5 Performance 
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9 significant events 
FE3 vs TDWR, FF,FT 




'6820 76840 76860 76880 76900 76920 76940 













Event B555 Data Distribution 
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■ NASA FE3 Ei AWASFF-WOM5 ii AWASFT-WOM5 




Evaluation of WOMBATS 
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the point to compare with FE3 (20 hertz 
data) peak 
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Ifc Successful Infrared Prediction of Low Level Wind Shear called H:\LLWS\fiflh.doc 


































FE3 ± 30% Scattergram 
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AWAS • TDWR FE3 FE3 + 30% FE3 -30% 








Conclusions 

System takes the earliest detection (either FF 
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Denver and Orlando with average times 
of 41 seconds (min. 22 max.58 seconds) 



Continued Development 
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Future Applications 
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5) Jet Stream Imaging 




Conclusions 
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Appendix 
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Cross Correlation for NASA Event B438 
0.06 Noiseband Used 
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Time Offset in Secs 
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Cross Correlation for NASA Event B454 
0.06 Noiseband Used 
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Time Offset in Secs 





0.140 


00 




335 




Cross Correlation for NASA Event B464 
0.06 Noiseband Used 
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AWAS FF ■ AWAS FT 





0.140 



337 





Cross Correlation for NASA Event B465 
0.06 Noiseband Used 
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Time Offset in Secs 
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Cross Correlation for NASA Event B483 
0.06 Noiseband Used 
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Time Offset in Secs 




NASA Summer 1992 Event B483 
Wombat5 w/IRG=6 & OATG=! 
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TOD in Secs 




Cross Correlation for NASA Event B484 
0.06 Noiseband Used 
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Time Offset in Secs 





Cross Correlation for NASA Event B490 
0.06 Noiseband Used 
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Time Offset in Secs 
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Cross Correlation for NASA Event B553 
0.06 Noiseband Used 
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Time Offset in Secs 









Cross Correlation for NASA Event B555 
0.06 Noiseband Used 
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AWAS FF ■ AW AS FT 







Overview and Highlights from 
Super-position Testing of the MODAR 3000 , 

B. Mathews, F. Miller, 

K. Rittenhouse, L. Barnett, 
and W. Rowe, 

Westinghouse Electric Corp. 


[Because it deals primarily with certification issues, the text 
portion of the material furnished for this presentation has been 
moved to Session 4, under the title Certification of Windshear 
Performance with RTCA Class D Radomes. What appears on 
the following 13 pages is the set of visuals depicting the 
appearance and attributes of the hardware used] 
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Introduces Family of MODular 
RadARs 
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- Continuous built-in test and calibration 



Predictive Windshear 
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Detection of events as "dry" as 0 dBz N/A 

Windshear event may alert region 0.045 Ma V alert re 9i° n 0.065 
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MR-3000 . . . Improved Weather Radar (WXR) 

with Predictive Windshear (PWS 





357 






System Features for Windshear 
Benefit Weather Performance 
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MR-3000 Operational Modes 

• Standby (Default) 

• Weather 

• Weather plus turbulence 

• Map 

• Windshear 

• Test (BIT) 
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Automatic Turn-On 
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- T ransponder on (one of two transponders) 
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(FD/FI >99%) 



Performance Features Reduce Cost 
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Introducing Tomorrow's IMA Concepts ... Today! 
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Westinghouse/Honeywell MR-3000 
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A Modern Solution to a Difficult Problem 






Wind Hazard Detection with a 
COo Airborne Laser Radar. 

R. Targ, 

Lockheed Research and Development Co., 

P. Robinson, 

Lockheed Engineering and Sciences Co., 


and 

R. Bowles and P. Brockman, 
NASA Langley Research Center 
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September 28 - 30, 1993 
Hampton, Virginia 


PROGRAM OVERVIEW 


• THIS $5M NASA-SUPPORTED INVESTIGATION IS PART OF THE 
NASA/FAA NATIONAL INTEGRATED WIND SHEAR PROGRAM 

• FLIGHT-VALIDATION WIND SHEAR DATA WERE COLLECTED 
FROM DEPLOYMENTS AT DENVER AND ORLANDO USING A C02 
LASER RADAR 

• THESE HAZARD DATA WERE ANALYZED AND SENT FORWARD 
TO THE PILOT IN REALTIME AS A RANGE AZIMUTH F-FACTOR 
MAP 

• LOCKHEED MISSILES & SPACE COMPANY WAS THE SYSTEM 
INTEGRATOR 

• THE LIDAR TRANSCEIVER WAS BUILT BY UNITED TECHNOLOGY 
OPTICAL SYSTEMS (WEST PALM BEACH, FLORIDA) 

• THE SIGNAL PROCESSOR AND DISPLAY SYSTEM WERE BUILT 
BY LASSEN RESEARCH (MANTON, CALIFORNIA) 
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ENVIRONMENT 



CLASS SYSTEM REQUIREMENTS 
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DESIGN OF SYSTEM SHOULD BE CONSISTENT WITH COMMERCIAL 
AVIATION USE 


BLOCK DIAGRAM USING PULSED LASER 
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SIGNAL-TO-NOISE EQUATION FOR REMOTE 
ATMOSPHERIC SENSING LASER VELOCIMETER 
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NARROWBAND SNR PERFORMANCE 
(500 m ALTITUDE, CLEAR AIR) 

SCAN RATE 10"/s, D = 10 cm, f = 3 km 
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LOS RANGE (km) 




VARIATION OF SIGNAL-TO-NOISE RATIOS AND 
TRUE WIND VELOCITY WITH DISTANCE 
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RANGE FROM MICROBURST CORE (km) 





RANGE IN RAIN FOR 

UNITY SNR 5-mJ C0 2 AND Ho:YAG LIDARS 
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RAIN RATE (in./h) 



CO2 LIDAR SIGNAL -TO -NOISE RATIO AND 
TRUE WIND VELOCITY VERSUS DISTANCE 


AJLIOOT3A GNIM TVIOVb 



« m is 


(HP) 0I1V« 3SI0N-01-TVNDIS 
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RANGE FROM MICROBURST CENTER (km) 
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WIDEBAND SNR (dB) 




CLASS lO-^m LIDAR RETURNS FROM 8-km 
SHOWING INTENSITY (LEFT) AND WIND VELOCITY 
(RIGHT) ONBOARD NASA AIRCRAFT (4-17-92) 
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10.6-um CLASS LIDAR, 1023-ft ALTITUDE, SCAN 
PERPENDICULAR TO 25-kt WIND SHOWING 
+ VELOCITY RETURNS TO 8-km RANGE (7-2-92) 
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(a) CO2 lidar wind velocity 


(b) Ho:YAG lidar wind velocity 



(c) CO2 lidar hazard index (d) Ho:YAG lidar hazard index 



(e) TVue hazard index without vertical wind (0 Tlrue hazard index with verti, al wind 


Radial Wind Velocity, V (m/s) 


Hazard Index, F 




F i 0.13 
0.11 to 0.13 
0.00 to 0.11 
0.07 to 0.00 
0.09 to 0.07 
0.03 to 0.05 
0.01 to 0 .03 
•0.01 to 0.01 
-0.03 to -0.0 1 
-0.05 to -0.03 
-0.07 to -0.05 
-0.00 to -0.07 
-0.11 to -0.09 
-0.13 to -0 1 1 
-0 13 * F 


Fip K Kanj-e azimuth scan i.f a dr> mivrobursl al iH-nver.'Sn.|>ielnn Airport Simulated wind veto, ilv ntraMirrinenls .11,- .how,, 1..1 ( ( ) 
lidar in la) and lor Hu VAC". Ildar in (lit. simulated lidar meiisiireinrnls of hazard index lor tin- lm. Ildars are shown in 1.1 and idi 1 lie 1 rue hay 
ard index Is shown in <el with !.OS wind only, and in (I), with I .OS and verm., I wind 
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ORIGINAL PAGC fS 
OF POOR QUALITY 










DENVER WINDSHEAR DEPLOYMENT -- 10.6-//m CLASS LIDAR 
SHOWING INTENSITY OF RETURNS IN DRY AIR TO 8 km. 



ORIGINAL PAQC « 
OF POO* QUALITY 
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DENVER WINDSHEAR DEPLOYMENT - 10.6-//m CLASS LIDAR 
WIND VELOCITY DIVERGENT OUTFLOW IN DRY AIR TO 8 km. 
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(hU) 











AT DENVER IN LIGHT RAIN - 10.6-//m CLASS LIDAR 
RANGE AZIMUTH SCAN SHOWING RETURNS TO 11 km. 



0 R 15 <NM. PA?£ m 
OF POOS QUALITY 
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AT DENVER IN LIGHT RAIN - 10.6-//m CLASS LIDAR 
SHOWING WIND VELOCITY MEASUREMENTS TO 1 1 km 
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AIRBORNE C0 2 LASER WINDSHEAR WARNING SYSTEM MEASURES 
WIND HAZARD AT A RANGE OF 3 km, IN LIGHT RAIN: NASA/FAA 
DEPLOYMENT AT DENVER/STAPLETON AIRPORT- JULY 1992 
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AT DENVER IN THE RAIN - 10.6-//m CLASS LIDAR GIVES 
ECONDS WARNING FOR HAZARDOUS WINDS AT 2-km R/ 
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LIDAR SAW SAME F-FACTORS AS RADAR 















(a) CO 2 lidar wind velocity 


(b) Ho:YAG lidar wind velocity 


I > ■+• 

♦ 


(c) CO 2 lidar hazard index (d) HosYAG lidar hazard index 



(e) True hazard index without vertical wind (f) True hazard index with vertical wind 



Radial Wind Velocity, V (m/s) 


Hazard Index, F 


F * 0.13 
0.11 to 0.13 
0.09 to 0.11 
0.07 to 0.09 
0.05 to 0.07 
0.03 to 0.05 
0.01 to 0.03 
> 0.01 to 0.01 
>0.03 to -0.01 
-0.05 to -0.03 
-0.07 to -0.05 
-0.09 to -0.07 
-0.11 to -0.09 
-0.13 to -0.11 
-0 13 » F 

: Kjiijii- .1/ amut h ^ nirol a wri iiiktoIhin M 1 Kort Worth Airport Simulated wind \ eluritv measurement.' arc >huwn lor ( *U li 

t ) n t.i 1 ;in*l !‘ »r l li» Y V » hdar in 1 h r Mimilaled lidar imaMirrment s t»l hazard index It >r tin 1 svi > l|dars arc'shnwu it* < * ' > and id).! He l rut* hazard 
index i' shown in IH. w ilh \A IS wind only, and m tit. with lA IS and vertical wind 
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AIRBORNE C0 2 LASER WINDSHEAR WARNING SYSTEM MEASURES 
WINDS IN HIGH HUMIDITY TO A RANGE OF 4 km, IN NASA/FAA 
DEPLOYMENT AT ORLANDO AIRPORT -- AUGUST 1992* 
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LIDAR DID NOT PENETRATE RAIN SHAFT TO SENSE HAZARD 









AUTOS LASER TRANSCEIVER 
IN ARINC STANDARD ENCLOSURE 
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ALTOR-1/PL A^-2 

PROGRAM OBJECTIVES & APPROACH 
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CLASS (Coherent Lidar Airborne Shear 
Sensor) Windshear Detection System. 

P. Forney and L. Celmer, 
Lockheed Missiles and Space Co., 

R. Calloway and P. Brockman, 
NASA Langley Research Center, 

and 

F. Austin, 

Lockheed Engineering and Sciences Co. 
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5th (and Final) 

Combined Manufacturers' and Technologists' 
Airborne Wind Shear Review Meeting 


CLASS 

(Coherent LIDAR Airborne 
Shear Sensor) 

Wind Shear Detection System 


By: 

Paul Forney and Lon Ceimer 
Lockheed Missiles and Space Company 
Research and Development Division 
Palo Alto, CA 

Raymond Calloway and Philip Brockman 
NASA Langley Research Center 
Hampton, VA 

Fred Austin 

Lockheed Engineering and Sciences Company 
Hampton, VA 


September 28 - 30, 1993 
Hampton, VA 
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SCANNING CAPABILITY + / - 30° AT 7° / SEC GEOMETRY 



CLASS SYSTEM BLOCK DIAGRAM PT.ASSm, 
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CARGO BAY INSTALLATION P T.ASS m/ 
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PAIRING scanner 


OPERATORS CONSOLE 


MENU DRIVEN SYSTEM 

• SYSTEM CONTROL SCREEN ON LARGE MONITOR 

• PRODUCT DISPLAYS ON SMALL MONITORS 

• KEYBOARD AND TRACKBALL USER INPUTS 

• CONTROL / DISPLAY SCREENS FOR : 

• SCAN MODE / DISPLAY CONTROL 

• SYSTEM STATUS AND CONFIGURABLE STATUS LIMITS 

• DISPLAY MODIFICATION 

• SIGNAL PROCESSING AND DATA MANAGEMENT 

• ALGORITHM CONFIGURATION AND OVERRIDES 

• STATUS PARAMETER (HOUSEKEEPING) DISPLAY 
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GERMANIUM WINDOW 5/8” THICK 
WITH HARD CARBON COATING 
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EACH SUCCESSIVE 15 DEGREE SECTOR SHOWS DIFFERENT POWER LEVEL. SETTINGS ARE : OFF, .3 mJ, 3mJ and lOmJ 
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PURPOSE 


IN A FLIGHT LIKE CONFIGURATION, PERFORM EtfERlfENTAL FLIGHT AVIONICS HARDWARE AM) 
SOFTWARE SYSTEMS INTEGRATION TESTS TO VALIDATE THEIR COMPATIBILITY AND DEMONSTRATE THEIR 
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GROUND AND FLIGHT TESTING CLASS^j 
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COHERENT LIDAR AIRBORNE SHEAR SENSOR (CLASS) 
SIGNAL-TO-NOISE RATIO VS. RANGE: 10.6-MICRONS, 8.5 mJ 
10-km AEROSOL RETURNS AT NASA, IN HAMPTON, VIRGINIA 



PROCEDURES CLASSm. 
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POWER DOWN SYSTEM 


DATA PRODUCT 
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SUMMARY 




CLASS 10 SYSTEM SUCCESSFULLY MEASURED 13 WINDSHEAR DATA EVENTS 

O 7 RESEARCH FLIGHTS DURING DENVER DEPLOYMENT 
O 8 RESEARCH FLIGHTS DURING ORLANDO DEPLOYMENT 
O 10 LOCAL TESTS FLIGHTS 

SYSTEM HAD POTENTIAL TO MEASURE MORE EVENTS, BUT PERFORMANCE 
WAS DEGRADED BY 

O REDUCED LASER ENERGY 
O INTERMITTENT ERRATIC SCANNER BEHAVIOR 


415 




RDR-4B Doppler Weather Radar 
with Windshear Detection Capability. 


D. Kuntman, 
Bendix- Allied Signal Co. 
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OUTLINE 


■ BACKGROUND 

■ STATUS OF DEVELOPMENT ACTIVITIES 

■ CERTIFICATION ACTIVITIES 

■ LESSONS LEARNED 

■ RECOMMENDATIONS FOR FUTURE ACTIVITIES 
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BACKGROUND 


■ ALLIEDSIGNAL MADE A COMMITMENT TO THE 
DEVELOPMENT AIRBORNE WEATHER RADAR 
WITH FORWARD LOOKING DETECTION 
CAPABILITY 

■ RDR-4B DEVELOPMENT ACTIVITIES STARTED IN 
EARLY 1990 

■ BASED ON EVOLUTION OF THE RDR-4A DOPPLER 
WEATHER RADAR, IN SERVICE SINCE 1 980 
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WILL BE CERTIFIED TO TSO C63C 
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UNIFORM HAZARD FACTOR CRITERIA SHOULD BE USED BY BOTH 
SYSTEMS 



The Collins Windshear Program. 


R. Robertson, 
Rockwell-Collins Co. 
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